Recent Chinese economic and energy policies recognize the transportation sector as a key element in the nation's effort to meet its energy and air quality goals. The development of alternative fuel vehicle (AFV) has been considered as a particularly promising strategy. AFV-related policies can be traced back to the Eighth Five-Year Plan Period (i.e., 1991Period (i.e., -1995. All the work during the last twenty years has cumulatively prompted the transition of AFV development from policy-making to 
Introduction
The necessity and importance of working towards a sustainable energy and environmental future is well recognized in China. In the "Eleventh Five-Year Plan (2006) (2007) (2008) (2009) (2010) Compendium for the National Economic and Social Development of China", the Chinese government set the target of reducing energy use per gross domestic product (GDP) by 20% and the gross pollution level by 10% within the five-year period (Xinhuanet, 2006) . The State Council, which is the chief administrative authority of China, further announced a "Decision to Enforce EnergyConservation" in 2006 and a "Comprehensive Work Program on EnergyConservation and Pollution Reduction" in 2007 (State Council, 2006; State Council, 2007) . These policy programs identified the transportation sector as a key element in the nation's effort to meet the energy and air quality goals and highlighted transportation strategies such as developing public transit with priority, strictly enforcing the vehicle emission standard, and promoting the development and manufacturing of AFV. The abovementioned policies go hand-in-hand with recent strategies for the auto industry. Specifically, the 2004 "Development Policies for the Auto Industry" issued by the National Development and Reform Commission (NDRC) identified the development of environmentally friendly cars, including EVs and diesel cars, as a key direction for the auto industry (NDRC, 2004) . The same document also stated the Chinese government's support for the R&D and manufacturing of AFV.
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This paper reports the background, design and findings of this WB sponsored survey. The remainder of the paper is organized as follows. Section 2 reviews the key transportation and EV policies made in the last two decades leading up to the demonstration program. Section 3 describes the demonstration program in terms of scope, rules and requirements. Section 4 describes the survey methodology. Section 5 summarizes the major findings from the survey by the six categories of questions as designed in the questionnaire. Based on the survey findings, section 6 discusses the problems and uncertainties existed in the demonstration program and recommends possible solutions.
Policy Background
In China, the responsibilities of the development and enforcement of AFV policies 
EV Policies during the Last Twenty Years (1991-2010)
The Chinese government updates its targets and directions for the nation's economic development based on a 5-year planning cycle. The last twenty years thus cover the eighth, ninth, tenth, and eleventh Five-Year Plan periods. The eighth Five-Year Plan period (1991) (1992) (1993) (1994) (1995) was the first time EV R&D was promoted through MOST's "Research on the Key Technologies of EVs" as a National Key Scientific and Technological Project (Chen et al., 2003; Sun and Zhu, 2001) . During the subsequent Ninth Five-Year Plan period (1996) (1997) (1998) (1999) (2000) , the MOST, together with 12 other ministries, led the "National Clean Vehicle Action" program, in which the development of Concentrated Natural Gas (CNG) and Liquefied Petroleum Gas (LPG) vehicles were promoted as short-term technological measures, while the EVs were considered as mid-term to long-term technological measures (MOST et al., 1999) .
During the Tenth Five-Year Plan period (2001) (2002) (2003) (2004) (2005) , the MOST included for the first time the "EV Key Project" in its 863 Program and chose the new generation of EV technology as the major direction of auto technology innovation.
Since then, the "Three Transverses and Three Longitudes" R&D strategy of EVs has been established (MOST, 2002; MOST, 2006a) . The "Three Transverses" refer to the three types of AFV, namely fuel cell vehicles (FCV), hybrid electric vehicles (HEV), and pure electric vehicles (PEV); the "Three Longitudes" refer to the three 7 auto-related technologies, namely multi-energy powertrain system, drive motor and power battery. The MOST's "Alternative Fuel Vehicles Key Project" in the 863 program in the following Eleventh Five-Year Plan period (2006) (2007) (2008) (2009) (2010) further reinforced the R&D activities of EVs and also started to explore the commercial market (MOST, 2006b; MOST, 2006c) . During these two plan periods, the MOST 863 Program invested a total of 2 billion RMB 1 in the R&D of EV (Wan, 2008) .
Most Recent EV Policies
In March 2009, General Office of the State Council issued the "Plan on Shaping and
Revitalizing the Auto Industry", which is a major component of the national economy stimulus package during the period of global economic depression (General Office of the ). This plan sets out a production target of 500 thousand EVs (including PEV, HEV, and Plug-In Hybrid Electric Vehicle (PHEV)) and a 5% AFV share of all vehicle sales between 2009 and 2012. The plan stated a total of 10 billion RMB to be invested in the advancement of auto technologies, including the R&D of AFVs. It included a "National EnergyConservation and Alternative Fuel Vehicle Demonstration Program". As outlined in the plan, the major activities of the demonstration program include: 1) demonstrating energy-conservation strategies and AFVs (mainly EVs) in medium-and large-size cities; 2) deploying AFVs in the public services area such as urban transit, taxi, public affairs, sanitary, post service and airport; 3) building charging grid to support fast charging of EVs; 4) expediting the construction of public charging facilities.
1 In 2010, the exchange rate for RMB/$ is in the range of (6.65, 6.83). 
Electric Vehicle Demonstration Program
The demonstration program is a cumulative product and realization of China's environmental-and technological-focused policies over the last twenty years.
Following the direction identified in the "National Clean Vehicle Action" and the itself from all previous efforts on EVs in that it is a critical step of going from promotion to actual implementation and from R&D activities to mass production.
Program Scope
The demonstration program aims to subsidize the deployment of one thousand EVs in each of at least ten participating cities in four years. As such, it is also referred to as the "Ten Cities, Ten Thousand Vehicles" program. By the year 2012, the total number of EVs out on the road is expected to reach at least ten thousand.
The program focuses on financing vehicles used in the public service sectors such as buses, taxis, governmental fleet, sanitation and postal service vehicles; the 9 private vehicle market was excluded. The MOF and MOST provided two reasons for this. First, due to constraints such as technology, manufacturing capability, and supporting facility, the promotion of AFVs needs to proceed gradually, and public service fleets are easier to monitor and maintain than private vehicles. Second, public service fleets such as buses and taxis are the major transportation modes in the medium-large size cities in China, and are therefore expected to have significant demonstration results (Xin, 2009) . The other restriction of the demonstration program is that the central government would only subsidize the purchase of demonstration vehicles while municipal government funds would be needed for building supporting facilities and maintaining vehicle fleets.
Although the demonstration program has received interests from many Chinese cities, only thirteen medium-large size cities were selected. These 13 participating cities include Beijing, Shanghai, Chongqing, Changchun, Dalian, Hangzhou, Jinan, Wuhan, Shenzhen, Hefei, Changsha, Kunming and Nanchang.
Most of these cities are either metropolis or provincial capitals in China.
Vehicle Eligibility
The question of what vehicles are qualified for the demonstration program has been at the center and front of much discussion among all stakeholders. (MIIT, 2009a (MIIT, , 2009b (MIIT, , 2009c (MIIT, , 2009d (MIIT, , 2009e, 2009f, 2010a (MIIT, , 2010b (MIIT, , 2010c (MIIT, , 2010d . These two official documents are important in that they directly determine whether the auto manufacturers are eligible to produce AFVs, whether the EVs they produce can receive financial subsidies from the demonstration program, and consequently whether the municipal governments can seize this opportunity to develop local auto industry.
In the "Admission Rules", MIIT defined AFVs as vehicles using unconventional fuels. The AFVs are further divided into three technical phases:
Beginning Phase, Developing Phase and Mature Phase. This categorization is considered to have significant impacts on the manufacturers' future R&D directions. 
Survey of Demonstration Program Status
The The general offices of the subordinate units of the MOST in the 13 pilot cities were first contacted in the end of July. Relevant institutions/persons in charge of the demonstration program were generally found through several iterations of referrals. The leading departments are listed in Table 1 . Although there were several exceptions, the pilot cities generally had municipal science and technology commission/department leading the effort.
By the end of August, a total of 10 out of 13 pilot cities participated in and completed the survey with us: face-to-face interviews were accomplished for Beijing and Chongqing while phone interviews were accomplished for Changchun, Dalian, Jinan, Wuhan, Shenzhen, Hefei, Kunming and Nanchang.
Survey Findings

Goals and Objectives
Respondents from the pilot cities consistently provided one or both of the following as their reasons for participating in this program. Shenzhen is also on the way of becoming one of the national AFV manufacturing centers according to the "Pearl River Delta Planning Guideline" (NDRC, 2008) .
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Cities of Kunming and Dalian that do not currently have local auto manufacturers also deemed this program as a good opportunity to attract auto manufacturers into their region.
Second, eight out of the ten cities being interviewed are faced with increasing pressure and challenges associated with the continuously growing population and vehicle fleet. The desire to energy-conservation, pollution-reduction and development of "Green Cities" has also become major motivation for the pilot cities to join the program. For example, Shenzhen has more than 1.4 million vehicles, whose emissions account for about 60-70% of the city's total air pollution.
Kunming, a tourism city, also regards this demonstration program as an opportunity to improve its tourism by enhancing the city's image. Changchun is a city with previous success in AFV deployment -it has received significant energyconservation and air quality improvement benefits since its implementation of a CNG&LPG demonstration program in 1998. This successful experience has given
Changchun strong momentum and interest to participate in the current demonstration program. Furthermore, being an AFV deployment pilot city could help to promote the concept of new energy (or alternative fuels) to the citizens and raise the public environmental awareness, as mentioned by the interviewee from Nanchang.
However, skepticism also exists as one interviewee expressed concern about the effectiveness of energy-conservation while agreeing with the objective of pollution reduction: "since the EV technology is still immature right now, there are many uncertainties and the effects of energy-conservation might be weakened." 14
Deployment Plan
The respondents were asked about the size, vehicle types and service fields planned over the 4-year demonstration period (2009) (2010) (2011) (2012) in their respective cities. The results are summarized in Table 2 and discussed below.
Judged solely by the number of EVs to be deployed, Shenzhen is the most HEVs and about 100 PEVs that it has already deployed, Dalian currently is also testing four FCV buses. The lack of interest in FCV in the current demonstration program can be partly attributed to the fact that the Chinese governmental investment would focus on HEV in the short term and FCV in the long term (Wan, 15 2008 
Financial Plan
Based on the interviews with 10 pilot cities, the expected total cost of the demonstration program for most pilot cities would be in the magnitude of hundreds of millions of RMB. For example, Wuhan plans to invest about 460 million RMB, Hefei plans to invest 590 million RMB, and Changchun plans to invest 490 million RMB.
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The costs of the demonstration program mainly consist of four components:
procurement of vehicles, construction of charging facilities, operation & maintenance, and R&D activities. As mentioned in section 3, the central government subsidizes only the procurement of vehicles while the local governments are responsible for other activities such as building the supporting facilities. As the pilot cities start to implement the demonstration program, several financial problems and concerns have emerged.
Procurement of Vehicles
Although the MOST and the MOF have specified subsidy standards for the procurement of vehicles based on technical parameters, at least three pilot cities indicated that subsidies from the central government are far from enough for the complete implementation of the program. Two other cities also expressed concerns about the uncertainty of the availability of subsidies from the central government. In such cases, the municipal governments have to bridge the gap of vehicle procurement expense.
The financial difficulty for the procurement of EVs is more severe in the private field, since the subsidy for the demonstration program only covers the public service fields. Unless the central government extends the subsidization to the private purchases of EVs in the next few years of the demonstration period, cities that plan to deploy EVs into the private fields will have to face the added financial burden by themselves or leave it to the EV buyers. For example, Shenzhen plans to deploy 15,000 AFVs into the private market, adding pressure on the local finance.
Shenzhen plans to meet this target by raising public awareness and providing economic incentives to encourage people to buy EVs. In contrast, Chongqing only plans to test a small number of 100 EVs into the private market, with a one-time subsidy of 36 thousand RMB per vehicle and 6,900 RMB's waiver of toll charges provided by the local government.
Construction of Charging Facilities
Electricity charging facilities are needed for PEVs and PHEVs and they are costly.
The pilot cities generally planed to use two types of electricity charging facilitiescharging station and charging pile.
The public charging stations are very similar to gas stations. They are typically constructed by the urban roads or highways. One charging station usually accommodates multiple charging equipments and provides different charging functions such as slow charging, fast charging, and battery change. The major problems with charging stations are that they require significant land space and their capital cost is high. Respondents from the pilot cities revealed that, although the cost of a charging station varies, most of the cities expect it to be in the magnitude of ten millions of RMB per station (Lu et al., 2010) .
Charging piles are then typically built at parking lots or by the roadsides.
They have the advantages such as small land consumption and high flexibility.
However, they can only provide the slow (normal) charging function which usually takes 5 to 10 hours. A single charging pile may cost between 20,000 RMB and 30,000 RMB (Lu et al., 2010) . has an ambitious plan to install a charging pile for every PEV or PHEV being deployed.
It is apparent that cities such as Jinan, Wuhan and Shenzhen are preparing electricity charging facilities for the mass deployment of EVs while other cities such as Hefei, Dalian, Nanchang, and Changchun plan to build only a few facilities for testing and demonstration purpose. Generally, most pilot cities are still in the planning stage of their charging station construction.
Operation & Maintenance
Another category of supporting facilities to be built is the vehicle maintenance service stations. In addition to the traditional maintenance service for regular vehicles, the EV maintenance stations would focus more on the maintenance of power batteries, electric engine and electric controlling parts. Unlike the charging stations which are funded by the municipal governments, the EV maintenance stations will be mainly funded by bus companies and auto manufacturers, both of which are also supposed to provide technicians for maintenance service.
The pilot cities also expect the operating and maintenance costs for EVs to be much higher than that for the traditional vehicles. However, the financial resources to fill this gap appear to be a problem. At the time of the survey, only cities of Wuhan and Nanchang indicated that they would use provincial or municipal funding support to bridge the gap, while all the other cities did not have a clear solution yet.
Research & Development Activities
The demonstration program itself does not sponsor any vehicle R&D activities. The pilot cities are supposed to procure superior EVs using competitive bidding. 
Monitoring and Evaluation
At the time of the survey, the pilot cities generally did not have a very detailed plan about the monitoring and evaluation of the demonstration program. The main reason is that even the MOST is still working on the standards for program monitoring and evaluation. Four pilot cities (i.e., Kunming, Wuhan, Nanchang and Dalian) did plan to establish or hire institutions/companies to perform monitoring and evaluation, but their current focus tends to be more on the operating performance (e.g., vehicle reliability) rather than the efficiency (e.g., how much energy could be saved and how much emission could be reduced) of the EVs.
Guidance is needed as to what data to collect, how to collect, and how to evaluate the program.
21
Challenges and Risks
When asked about the major challenges experienced so far and any risks perceived during the implementation of the Demonstration Program, the survey respondents expressed the following.
First, almost all interviewees expressed concerns about the reliability of the relatively new EV technology, since the Chinese auto manufacturers are apparently still in the process of improving the EV technology and developing more EV types.
As one of the interviewees stated, "most of the vehicle data is from test experiments, and we are not so sure about how these vehicles would perform when they are actually running on the urban roads."
Second, the high cost of EV is perceived as a major barrier for its deployment. Whether the governments (i.e., state, provincial and municipal government) could provide sustained and sufficient financial support would directly impact the success of the demonstration program. Although vehicle procurement is subsidized by the program, the participating cities are reimbursed only after the purchase is made and the vehicles are determined to qualify for subsidies. This reimbursement process raises financial uncertainties for the cities. Land resources were also reported as a concern. How to acquire enough land to house EV facilities such as charging stations, especially in the high density cities, is considered as a major challenge.
Third, for the pilot cities that wished to explore the private market, there is a strong need to raise the public's awareness and acceptance of EVs. Considering the fact that only about 1,000 Toyota hybrids were sold in China market in 2008, gaining market penetration would require effective marketing and subsidization strategies. Our interviews revealed that the pilot cities of Shenzhen, Wuhan, Kunming and Nanchang had already started to raise public awareness about AFVs through media such as TV, radio broadcast, and newspapers. The other pilot cities either had not started to do so or would rely on the auto manufacturers to promote their AFV products.
Communication with Collaboration
The interviewees were also asked whether their cities have communication and collaboration with the other pilot cities. It was found that communication between the pilot city governments and the auto manufacturers in other cities was prevalent. the carbon intensity of the electricity generation mix, the efficiency of the vehicle and associated charging mechanism, and the impact of EVs on the generation mix.
Currently the biggest challenge faced by China is that the Chinese electricity grid has relatively high GHG emissions and is projected to remain GHG-intensive for quite some time, due to the long remaining lifetime of the coal-fired generation capacity. As a result, if the pilot cities want to accurately and consistently measure their GHG impacts of the demonstration program and promote the benefits, the municipal governments need to build a more direct linkage between electricity generation and consumption, and allow for dedicated use of renewable energies.
This could be done with the assistance of WB to develop a monitoring and evaluation system as part of a lending project with a client city. Alternatively, the 
